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Abstract 
The rise of DNA evidence to the forefront of forensic science has led to high sample numbers being 
submitted for profiling by investigators to casework laboratories: bottleneck effects are often seen 
resulting in slow turnaround times and sample backlog. The ParaDNA® Screening and Intelligence 
Tests have been designed to guide investigators on the viability of potential sources of DNA allowing 
them to determine which samples should be sent for full DNA analysis. Both tests are designed to 
augment the arsenal of available forensic tests for end users and be used concurrently to those 
commonly available. Therefore, assessing the impact that common forensic tests have on such novel 
technology is important to measure. The systems were tested against various potential inhibitors to 
which samples may be exposed as part of the investigative process. Presumptive test agents for 
biological materials (blood, semen and saliva) and those used as fingerprint enhancement agents 
were both used. The Screening Test showed a drop in performance following application of 
aluminium powder and cyanoacrylate (CNA) on fingerprints samples; however this drop in 
performance was not replicated with high template DNA. No significant effect was observed for any 
agent using the Intelligence Test. Therefore, both tests stand up well to the chemical agents applied 
and can be used by investigators with confidence that system performance will be maintained. 
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1. Introduction 
The primary purpose of performing presumptive forensic tests such as body fluid identification and 
fingerprint enhancement techniques is to identify suspects and/or link suspects to crime scenes for 
the purpose of supporting/refuting witness testimony. However, a secondary benefit is realised 
before the evidence even reaches court; performing such tests allows the crime scene investigator 
or forensic practitioner to prioritise items collected at crime scene for downstream analyses. 
However, the disadvantage of many presumptive tests is that they show poor specificity to the 
human biological/chemical target [1,2] while touch DNA items often fail to produce a corresponding 
STR profile [3,4] due to low amounts of template material available on these items and/or PCR 
inhibition.  
Recently, there have been a number of rapid DNA profiling and detection platforms released that 
allow the analyses and prioritisation of items by non-expert users outside the traditional laboratory 
setting [5–9]. The development and release of novel technology into the forensic arena is both 
carefully controlled and monitored [10]. Efforts in this area generally include a thorough validation 
of the technology performance parameters [11] and in cases where the technology is not a stand-
alone process, an assessment of how new and existing processes interact. With the advent of rapid 
DNA systems the latter becomes increasingly important as many novel technologies look to combine 
existing processes and thereby save time and money. For example, all rapid DNA systems look to 
combine the three current stand-alone processes of DNA extraction, PCR and STR detection steps 
[e.g. 5–9]. The move out of the laboratory brings additional risks as samples get processed earlier 
after collection and the boundaries between forensic processes begin to merge [10].  
The ParaDNA System is a non-expert user system comprising a thermocycling instrument with 
fluorescent detection capabilities, sample collection device and associated chemistry. The chemistry 
exists in two forms, one for rapid screening and a second for rapid intelligence. The system is 
designed to improve the efficiency of sample submissions as well as speed up the investigative 
process as a whole. Given the intended use of the systems by end users is out of the laboratory 
environment, it becomes necessary to establish whether the use of the system is impacted by 
existing forensic tests, performed by investigators during examination of exhibits such as 
presumptive biological tests and fingerprint enhancement techniques. The data presented below 
assess the impact of treating biological stains and fingerprints with a selection of relevant 
presumptive tests and fingerprint enhancement agents, then sampling and processing with both 
Screening and Intelligence Tests. 
 
 
2. Materials and method 
The ParaDNA Screening Unit is connected to a laptop computer or the integrated Field Portable Unit 
with the ParaDNA software necessary to interpret and present results to the user. Both units contain 
four heads allowing four samples to be run simultaneously and independently; each head uses a 
thermal block allowing a direct PCR protocol to be carried out within a short time frame (75 min). 
The Screening Test assesses the quality and relative quantity of DNA detected to provide users with 
a DNA Detection Score, presented in the form of 0–100% which acts as a presumptive test for the 
presence of DNA on forensic evidence items. The Intelligence Test provides a five STR locus profile in 
addition to the amelogenin (gender determining) marker and offers the user the possibility to use 
this profile to search national and local databases. Both provide their result within seventy-five 
minutes.  
Ten replicate blood samples and semen samples (both10ml) were pipetted separately onto cotton 
fabric and left to dry overnight before treatment with the relevant test agent. A breakdown of all the 
tests performed is provided in Figs. 1 a and 2 a. Given the relatively large volumes of reagent used in 
the presumptive testing, the impact of the process was assessed through the collection of a 
‘chemical control’ sample using the same biological stain and undergoing to same methodological 
process but using water instead of reagent.  
To assess the impact of Phadebas testing, ten replicate saliva samples (100ml) were pipetted onto 
cotton fabric and left to dry overnight. The stains were then blotted with Phadebas forensic CR 
paper (Magle Life Sciences). Brown paper was chosen as a chemical control sample to assess the 
impact of the chemically impregnated Phadebas paper. Both sample types were wetted with 3–4 
sprays of deionised water, pressed together firmly using a clear plastic sheet and a weight for 
application of pressure. Stains were left to react for 45 min then papers removed and allowed to dry.  
Six replicate fingerprints (as a source of touch DNA) were obtained from donors by application of 
medium pressure for 5–10 s onto the relevant substrate (glass slides for CAN and aluminium powder 
treatment and filter paper for ninhydrin treatment) before treatment with the relevant test agent. A 
breakdown of all the tests performed is provided in Figs. 1b and 2b. Due to the inherent variability in 
DNA content of fingerprint samples the observed effects were verified by analysing three replicate 
saliva samples (50ml on glass) which were spiked with each test agent.  
All samples described above were prepared in duplicate for use with the ParaDNA Screening Test 
and also the ParaDNA Intelligence Test. All presumptive tests were noted to have given a positive 
result before being photographed. After the presumptive testing, all items were left to dry before 
being sampled by one minute of continuous rubbing using the ParaDNA Sample Collector and being 
loaded into a reaction plate which was then placed in the ParaDNA Screening Unit. Control samples 
that did not undergo presumptive testing consisted of spikes of body fluid on relevant background 
materials. All biological materials were provided by donors in accordance with the University of 
Strathclyde and LGC code of ethics. All data was checked for normality before testing for a significant 
difference between the control sample and the treatment. 
 
3. Results and discussion 
The importance of performing a thorough evaluation of the robustness of a novel forensic test is 
well documented. Often tests form part of a compartmentalised process (e.g. DNA extraction and 
purification, PCR, quantification, CE analyses) and are commonly assessed/validated independent of 
the other parts of the method. This is often acceptable, but with the advent of rapid DNA systems 
that seek to put laboratory based processes into the hands of non-expert users, a careful evaluation 
is required to assess the impact of running different tests in succession. All presumptive tests for 
body fluids generated positive results and all fingerprints showed clear ridges and furrows after 
application of each enhancement agent (data not shown). High DNA Detection Scores were obtained 
when using the Screening Test for blood, semen and saliva samples and there was no significant 
difference between the DNA Detection Scores of the untreated control, treated sample and chemical 
control (Fig. 1a). This suggests the presumptive tests had no impact on the ability of the test to 
provide a result. For fingerprint samples, no significant difference was observed between the control 
sample and the ninhydrin treated sample. A significant difference was observed between the control 
treatment and the aluminium powder (p = 0.00) and CNA on glass (p = 0.02) (Fig. 1b). It is possible 
that the difference observed between the control and these treated samples is due to a variable 
amount of DNA in the initial fingerprint sample rather than an effect of the enhancement agent. This 
was tested by repeating the enhancement on saliva stains which confirms that the aluminium 
powder has a negative impact on the DNA Detection Score observed (Fig. 1b), although the low 
number of replicates (three) prevent any statistical analyses from being performed. Previous data 
shows that aluminium powder has little impact on the ability to perform DNA typing [12] although 
the study cited did not use a direct PCR approach as used by the ParaDNA system. The impact of 
CNA was not observed on the saliva spikes, suggesting the significance seen in the fingerprint 
samples may be due to a variable amount of template collected from the fingerprints. 
Approximately 90% of alleles were called when using the ParaDNA Intelligence Test and there was 
no significant difference observed between control and treated samples for any of the blood, semen 
or saliva samples (Fig.2a).This suggests the presumptive tests had no impact on the ability of the 
ParaDNA Intelligence Test to provide a result. There was also no significant difference observed 
between the control and treated fingerprint samples which was mirrored with tests on the high 
template saliva samples (Fig.2b). The impact of aluminium powder seen on the Screening Test was 
not observed in the intelligence test. It is considered that this is possibly due to the larger volume of 
enzyme associated with the latter test increasing the test robustness and tolerance to inhibitors. 
The impact of fluorescent presumptive test agents (luminol and Bluestar® Forensic) was particularly 
important to assess given the basis of the ParaDNA System is the fluorescent detection of a 
HyBeacon™ probe. These agents are commonly applied at the crime scene to help identify a 
potential area for further testing, so would always be applied prior to DNA sampling being carried 
out. No interference was observed in this study which can largely be explained by examination of the 
emission spectra of the fluorophores attached to the HyBeacon probes utilised by the system. 
Fluorescein has an emission range of 485–650 nanometres (nm) peakingat517nm[13]; luminol 
fromaround350–580 nm peaking at 420 nm[14].Despite some overlap between the two, peak 
emissions lie distinct from each other thus causing no interference to the operation of the system. 
Bluestar Forensic is a derivative of luminol and emits blue light so peak emission should fall around 
430nm, explaining the lack of interference also observed with this test.  
STR profiling success rates are affected by both DNA template amount [3,4] and carry through of 
inhibitors that can reduce DNA recovery and also prevent PCR [15]. This study did not assess the 
downstream STR success rate of the mock evidence items although data generated during the 
development of the ParaDNA technology shows there was no measurable impact in the 
quantification results between samples that underwent ParaDNA treatment and those that did not 
[5,7,16]. In these studies, mock evidence items did not undergo any form of presumptive testing; i.e. 
only the effect of low template was investigated. This would suggest that the success rates observed 
may be further reduced in samples that have undergone presumptive testing if inhibitors are carried 
over into the PCR process. Previous studies investigating the impact of presumptive tests on 
downstream analyses have shown that for some pre-treatments inhibition is not often observed 
[17,18]. If it is, protocols are developed that remove the inhibitors during the DNA recovery [e.g.19]. 
There is some evidence to suggest that inhibition has a greater impact on extremely low template 
samples [20] or is observed as a function of time between presumptive testing and STR profiling 
[21,22]. Given these observations, the data presented supports the use of ParaDNA technology on 
high template and medium template samples, which in the context of the present study would 
include the blood, saliva and semen stains. 
Practitioners wanting to use the technology on touch DNA items, such as single finger-prints, may 
want to consider the success rate of the untreated samples as published in the developmental 
validation study of both tests [5,7] and also assess the impact of their own in-house practices on any 
results derived. Further work in this area should look to assess additional pre-treatments. 
 4. Summary 
The direct PCR approach of the ParaDNA System mean robustness is essential for the assays to 
effectively perform their function. The ParaDNA Screening and Intelligence Systems appear robust to 
many common crime scene presumptive tests as neither showed inhibition except for the aluminium 
powder when used in conjunction with the Screening Test. This data allows crime scene 
investigators to use existing presumptive tests in confidence that they will not impact the sensitivity 
or specificity of ParaDNA tests or will allow the crime scene investigator (as in the case of aluminium 
powder and the ParaDNA Screening Test) to take the decision to either not process the sample or 
caveat the results in the context of the data presented. 
 
Acknowledgements 
This work was supported by both LGC and the University of Strathclyde, special thanks to LGC for all 
equipment and laboratory space used during the study. Additional thanks to Dr. Nigel Watson for his 
supervision and to all volunteers who took part. 
 
References 
[1] M. Vennemann, G. Scott, L. Curran, F. Bittner, S.S. Tobe, Sensitivity and specificity of presumptive 
tests for blood, saliva and semen, Forensic Sci. Med. Pathol. 10 (2014) 69–75. 
[2] J.H. An, K.J. Shin,W.I. Yang, H.Y. Lee, Body fluid identification in forensics, BMB Rep. 45 (2012) 
545–553. 
[3] Association of Chief Police Officers (England and Wales), The DNA Good Practice Manual, ACPO, 
London, 2005. 
[4] J.J. Raymond, R.A.H. van Oorschot, P.R. Gunn, S.J. Walse, C. Roux, Trace DNA success rates 
relating to volume crime offences, Forensic Sci. Int. Genet. 2 (2009) 136–137 Suppl. 
[5] N. Dawnay, B. Stafford-Allen, D. Moore, S. Blackman, P. Rendell, E.K. Hanson, J. Ballantyne, B. 
Kallifatidis, J. Mendel, D.K. Mills, R. Nagy, S. Wells, Developmental validation of the ParaDNA1 
Screening System – a presumptive test for the detection of DNA on forensic evidence items, 
Forensic Sci. Int. Genet. 11 (2014) 73–79. 
[6] G. Ball, N. Dawnay, R. Stafford-Allen, M. Panasiuk, P. Rendell, S. Blackman, N. Duxbury, S.Wells, 
Concordance study between the ParaDNA1 Intelligence Test a Rapid DNA profiling assay, and a 
conventional STR typing kit (AmpFlSTR® SGM Plus1), Forensic Sci. Int. Genet. 16 (2015) 48–51. 
[7] S. Blackman, N. Dawnay, G. Ball, B. Stafford-Allen, N. Tribble, P. Rendell, K. Neary, E.K. Hanson, J. 
Ballantyne, B. Kallifatidis, J. Mendel, D.K. Mills, S. Wells, Developmental validation of the ParaDNA1 
Intelligence System – a novel approach to DNA profiling, Forensic Sci. Int. Genet. (2015) submitted 
for publication. 
[8] L.K. Hennessy, H. Franklin, Y. Li, J. Buscaino, K. Chear, J. Gass, N. Mehendale, S. Williams, S. 
Jovanovich, D. Harris, K. Elliott, W. Nielsen, Developmental validation studies on the RapidHIT™ 
human DNA identification system, For. Sci. Int. Genet. 4 (2013) e7–e8 Suppl. Series. 
[9] E. Tan, R.S. Turingan, C. Hogan, S. Vasantgadkar, L. Palombo, J.W. Schumm, R.F. Selden, Fully 
integrated, fully automated generation of short tandem repeat profiles, Invest. Genet. 4 (2013) 16. 
[10] Forensic Science Special Interest Group, Taking Forensic Science R&D to Market, ESP, KTN, 
Horsham, 2013. 
[11] Scientific Working Group on DNA Analysis Methods – Validation Guidelines for DNA Analysis 
Methods. http://swgdam.org/SWGDAM_Validation_Guidelines_APPROVED_Dec_2012.pdf, 2012 
(accessed 22.03.13). 
[12] C. Roux, K. Gill, J. Sutton, C. Lennard, Further study to investigate the effect of fingerprint 
enhancement techniques on the DNA analysis of bloodstains, J. Forensic Ident. 49 (1999) 357–376. 
[13] Invitrogen Fluorescence Spectra Viewer (online) (updated n/a, cited 26.07.13). Available from: 
http://www.invitrogen.com/site/us/en/home/Products-and-Service/Applications. 
[14] F. Barni, S.W. Lewis, A. Berti, G.M. Miskelly, G. Lago, Forensic application of the luminol reaction 
as a presumptive test for latent blood detection, Talanta 72 (2007) 896–913. 
[15] R. Aladdini, Forensic implications of PCR inhibition – a review, For. Sci. Int. Genet. 6 (2012) 297–
305. 
[16] ParaDNA Technical Note: The Impact of ParaDNA Sampling on Laboratory DNA Profiles. 
www.paradna.lgcforensics.com/faqs/ (accessed 25.03.15). 
[17] A. Barbaro, P. Cormaci, A. Teatino, A. Barbaro, Validation of forensic DNA analysis from 
bloodstains treated by presumptive test reagents, Int. Congr. Ser. 1261 (2004) 631–633. 
[18] A.M. Gross, K.A. Harris, G.L. Kaldun, The effect of luminol on presumptive tests and DNA 
analyses using polymerase chain reaction, J. Forensic Sci. 44 (1999) 837–840. 
[19] H. Poon, J. Elliott, J. Modler, C. Frégeau, The use of Hemastix® and the subsequent lack of DNA 
recovery using the promega DNA IQTM System, J. Forensic Sci. 54 (2009) 1278–1286. 
[20] S.S. Tobe, N.Watson, N.N. Daéid, Evaluation of six presumptive tests for blood their specificity, 
sensitivity, and effect on high molecular-weight DNA, J. Forensic Sci. 52 (2007) 102–109. 
[21] J.P. De Almeida, N. Glesse, C. Bonorino, Effect of presumptive tests reagents on human blood 
confirmatory tests and DNA analysis using real time polymerase chain reaction, Forensic Sci. Int. 206 
(2011) 58–61. 
[22] J. Fregeau, O. Germain, R.M. Fourney, Fingerprint enhancement revisited and the effects of 
blood enhancement chemicals on subsequent profiler Plus fluorescent short tandem repeat DNA 
analysis of fresh and aged bloody fingerprints, J. Forensic Sci. 45 (2000) 354–380. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig.1. Results showing impact of presumptive tests for blood, semen and saliva (a) and fingerprint 
enhancement agents (b) on ParaDNA Screening Test. Standard error shown. 
 
 
 
Fig. 2. Results showing impact of presumptive tests for blood, semen and saliva (a) and fingerprint 
enhancement agents (b) on ParaDNA Intelligence Test. Standard error shown. 
 
